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ABSTRACT 
The electrical performance of GaAs solar cells was characterized as a 
function of irradiation with protons and electrons with the underlying goal of 
producing solar cells suitable for use in space. 
between 50 keV and 10 MeV, and damage coefficients were derived for liquld 
phase epitaxy GaAs solar cells. 
MeV. 
Proton energies used varied 
Electron energies varied betmen 0.7 and 2.4 
Cells from recent production runs were characterized as a function of 
elect= and proton irradiation. These same cells were also characterized as a 
function of solar intensity and operating temperature, both before and after 
the electron irradiations. 
The lang term stability of GaAs cells during photon exposwe w a s  
examined. 
not. 
high altitude balloon. 
Same cells were found to degrade with photon expceure and sane did 
Calibration standards were made for GaAs/Ge solar cells by flight on a 
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CHARACTWIZATION OF PRODUCl'ION GaAs SOLAR CELLS FOR SPACE 
INTRODUCTION 
This publication is the final report of a contract between Air Force 
Wright Aeronautical Laboratories and Jet Propulsion Laboratory. 
of the contract was to evaluate GaAs solar cells for space as they evolved 
from the prototype stage into cells manufactured on a production line. 
GaAs cells were characterized electrically as a function of electron and 
proton irradiation. 
were irradiated with protons fran the Caltech accelerators using energies 
between 50 keV and 10 MeV, and with electrons from the JPL Dpamitron 
accelerator with energies of 0.7, 1.0, and 2.4 MeV. The proton irradiation 
mrk on early liquid phase epitaxy cells made by Hughes Research Lab was 
reported in Refs. 1 and 2. 
The objective 
The 
During the course of the contract, several hundred cells 
A n  additional task was assigned to this project vhen it was faund that 
some GaAs cells appeared to degrade when exposed to light beams for lung 
periods of time. 
several experiments were carried aut to try to identify whether the problem 
was real, what was causing the degradation, and, if possible, identify a cure. 
A second add-on task was canpleted in the surrmer of 1988 when tvm calibration 
standards made of GaAs/Ge cells were flown on the annual JPL solar cell 
calibration balloon flight. 
were shipped to the sponsor in October, 1988. 
calibration flight and the results of the 1988 flight are reported in Ref. 3. 
Accordingly, the scope of the contract was expar&d and 
The calibrations were perfonned and the cells 
A description of the balloon 
1 
This report consists of t m  parts. The first part is a writeup of uur 
most recent mearmrements of GaAs/Ge solar cells under electron irradiation. 
The latter cells =re irradiated with 1 MeV electrons with a schedule of 
fluences aut to 1 x 1 0 1 ~  e/cm2. 
-re also measured as a function of temperature and intensity before 
irradiation, after 1 x 1015 e/&, and after 1 x 1016 e/&?. 
characteristics were measured at an experimental matrix of temperatures and 
intensities M c h  included temperatures of -20, 28, 60, 100, and 140 "C, arad 
intensities of 50, 100, 135.3, and 250 nW/an2. 
the photon degradation mrk, given here as a copy of a paper w h i c h  was 
presented at the 20th IEEE Photovoltaic Specialists Conference in September, 
1988, (Ref. 4 included as the Appendix in this publication). 
 he electrical characteristics of these cells 
The second part is a report on 
The GaAs/Ge solar cells =re received at JPL in May, 1988 and the 
measurements were made in September and October, 1988. Fifteen cells were 
irradiated and the electrical characteristics of those 15 cells are plotted in 
Figures 1 through 10. Included in these plots for comparison are plots of the 
radiation behavior of two earlier types of GaAs solar cells. A surrmary of the 
three cell types in these plots is as follaws: 
Mfg cell Type WindcrwDepth Jcn. D e p  th Vintage 
HRL WEGaAs/GaAs 0 .2  p 0.35 pn 1984 
As= OMcVDEarlyMantech 0.1pn 0.45 pm 1984 
AsEc cMcvDGaAs/Ge 0.0- 0.50 pm 1988 
All cells are 2 x 2 an? 
Of t h  15 GaAs/Ge cells M c h  -re irradiated, 5 were also subjected to 
After the the matrix of temperature/intensity measurements described above. 
2 
appropriate fluences had been administered, these 5 cells were m t e d  in a 
special vaculllll chamber designed to perform solar cell measurements at various 
controlled temperatures and intensities. The cells are illuminated througfi a 
7940 fused silica windm using a Spectrolab X-25 solar simulator as the 
illumination source. 
Controlled block with a pair of spring clamps. 
busbar of the cell so that it also serves as the electricdl contact for the 
top of the cell. 
on the apposite side fmn the first clamp. 
to force the cell tightly against the temperature controlled block and balance 
the pressure exerted by the contact clamp. As a consequence, the clamp shades 
approximately 0.036 cm2 of the cell area, which is appmxhately 0.9% of the 
area of a 2 x 2 an cell. The data reported here have not been corrected for 
this shadiq. I&um foil (5 mils thick) is placed be- the cells and the 
them1 plate in order to achieve good thermal contact. 
intensity incident on the cells in the chamber is set by usiq a balloon flown 
calibration cell inside the chamber. The tempera- of this standard cell is 
indeperdently controlled and maintained at 28' C throughrrut the test. Tkae 
current-voltage (I-V) electrical data is measured by a canputer based data 
acquisition system. The results are plotted as I-V curves and the important 
parameters are printed in digital form. 
The cells are each held dowpl onto a temperature 
One clamp is positioned on the 
The other applies pressure on the front surface of the cell, 
Its pupose is to apply pressure 
The simulator 
Statistical analysis is also provided by the data acquisition program in 
the form of averages and standard deviations of the cell electrical 
parameters. 
are presented in tabular form in Tables 1 Wuxnqh 12. 
tables is a 5 cell average. 
The data fmn the temperature/intensity parametric measurements 
Each entry in thse  
Sane representative plots of solar cell 
3 
prameters as a function of either temperature or intensity (with fluence as 
paraaneter ) are presented in Figures 11 thraugh 14. The symbols on each Figure 
are five cell averages of the solar cell parameter, and the straight lines are 
linear least squares fits to the data. An inset box in each Figure s3wrws the 
slopes of the calculated least squares fits. 
4 
1. B. E. Anspaugh and R. G. k%ming# "Radiation Effects in Silicon and 
Gallium Arsenide Solar Cells Using Isotropic a-d Nonaally Incident 
Radiation," JPL Publication 84-61, Jet Propulsion Laboratory, w e n 3 8  
CA, W t .  1904. 
2.  B. E. Ampaugh and R. G. Downing, "Radiation Effects in Silicon and 
Gallium Arsenide Solar Cells Using Isotropic and Normally Incident 
Radiation," Conf. Record of the 17th IEEE Photovoltaic Specialists Conf., 
23, 1984. 
3. B. E. Anspaugh and R. S. Weiss, "Results of the 1988 NASA/JPL Balloun 
Flight Solar Cell Calibration Program," JPL Publication 88-36, Jet 
prapulsion Laboratory, Pasadem, a 8  November 1, 1988. 
4. Bruce Anspaugh, Ram Kachare and Peter Iles, "Photon Degradation of 
AlGaAs/GaAs Solar Cells," to be published in Conf .  Record of the 20th 
IEE Photovoltaic Specialists Conf., 1988 (included as the m i x  in 
this mlication). 
5 
cell Temp. 
A 2 u  
-20 
28 
60 
100 
140 
cell Temp. 
l 2 ! a  
-20 
28 
60 
100 
140 
Table 1. Average Short-circuit Current: -Irradiation 
ASEC GaAs/Ge solar cells 
AlGaAs Wi- Depth: 0.08 p 
Junction Depth: 0.50 p 
Buffer Layer: 6-9 ~ . 1  
2 x 2 an x 225 p 
Dudl AR Coating 
Sample Size 5 'IM-91 
solar Intensity (nw/mq 
- 50 - loo 135.3 
42.5 83.4 113.5 
43.9 85.9 116.9 
44.6 89.5 121.9 
46.4 94.4 126.3 
47.7 96.0 130.5 
250 
207.6 
214.8 
220.8 
227.1 
233.2 
-
Table 2. Average Open-circuit Voltage: Pre-Irradlaticm 
ASEC -/Ge solar cells 
Al- Wirdatv Depth: 0.08 p 
Junction Depth: 0.50 p 
2 x 2 an x 225 p 
Buffer Layer: 6-9 p 
Dual AR coatkg 
Sample Size 5 m-91 
250 -- 50 - 100 135.3 
1112.9 1187.3 1206.7 1202.8 
1000.8 1058.9 1075.3 1077.0 
910.3 960.1 976.6 990.4 
794.8 838.7 853.6 877.4 
703.1 740.1 754.5 780.5 
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Cell Temp. 
L . 3 L . l  
-20 
28 
60 
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cell Temp. 
-L%a 
-20 
28 
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Table 3. Average Maximun Power: Pre-Irradiation 
ASEC GaAs/Ge solar cells 
AlGaAs Window Depth: 0.08 p 
Junction Depth: 0.50 p 
Buffer Layer: 6-9 1.1 
2 x 2 cm x 225 p 
Dual AR Coati- 
Sample Size  5 8591 
135.3 
-I_ 
100 -50 -- 
32.08 66.06 96.57 
30.40 62.03 85.62 
28.31 59.61 82.58 
25.92 56.30 76.88 
23.13 49.83 66.68 
250 
174.14 
156.93 
151.16 
140.96 
126.25 
-
mble 4.  Average Fill Factor: Pre-Irradiatian 
As= GaAs/Ge solar cells 
AlGaAs Window Depth: 0.08 p 
Junctian Depth: 0.50 p 
Buffer Layer: 6-9 p 
2 x 2 a n  x 225 p 
Dual AR coatiq- 
Sample Size 5 8 5 9 1  
50 
0.681 
0.693 
0.698 
0.703 
0.691 
-
solar Intensity (m~/cm2) 
250 -- 135.3 -100 -
0.670 0.656 0.662 
0.683 0.682 0.679 
0.694 0.694 0.692 
0.711 0.713 0.707 
0.701 0.677 0.694 
7 
Table 5 .  mrt4ircuit current: After 1 x 1015 e/& 
A m 2  GaAs/Ge solar cells 
AlGaA!3 w* Depth: 0.08 p 
Junction Depth: 0.50 p 
2 x 2 an x 225 p 
Buffer Layer : 6-9 p 
Dual AR coat- 
Saanple Size 5 m 9 1  
cell Temp. 
A - X a  
-20 
28 
60 
100 
140 
50 -
solar Intensity (mw/an2) 
100 - 135.3 
34.9 69.1 94.2 
36.4 72.2 98.7 
37.4 75.3 102.4 
38.8 77.3 106.1 
40.6 80.4 109.2 
250 
174.4 
179.7 
185.2 
189.3 
198.3 
-
Table 6. A v e m  Open-Circuit V o l m g e :  After 1 x 1015 e/an2 
ASEZ GaAs/Ge solar cells 
AlGaAs Windm Depth: 0.08 p 
Junctiotl Depth: 0.50 p 
Buffer Layer : 6-9 1.1 
2 x 2 an x 225 p 
Dual AR Coat- 
Sample Size 5 8 5 9 1  
cell Temp. 
A 2 u .  
-20 
28 
60 
100 
140 
solar Intensity (mw/an2) 
250 - 100 135.3 -50 I 
1064.6 1131.5 1149.5 1150.5 
938.5 990.6 1007.6 1017.3 
840.9 888.7 908.1 929.1 
723.8 765.5 783.2 810.0 
631.3 668.5 684.5 712.3 
8 
Cell Temp. 
LxJ. 
-20 
28 
60 
100 
140 
Cell Temp. 
l 2 a .  
-20 
28 
60 
100 
140 
!Cable 7. A v e r a g e  Maximum Pcrwer: After 1 x 1015 e/an2 
As= GaAs/Ge solar Cells 
AloaAs W i e  Depth: 0.08 p 
Junction Depth: 0.50 p 
Buffer Layer : 6-9 p 
2 x 2 an x 225 p 
Dual AR Coatirg 
Sample Size 5 m-9 1 
250 - 50 100 135.3 -
25.62 54.07 74.70 136.32 
23.40 49.54 68.78 124.68 
21.58 46.17 64.34 117.90 
19.31 41.20 58.06 105.83 
17.08 36.65 51.21 95.76 
Table 8. A v e r a g e  Fill Factor: After 1 x 1015 e/cm2 
Asw: GaAs/Ge solar cells 
AlGaAs W i e  Depth: 0.08 p 
Junction Depth: 0.50 p 
2 x 2 an x 225 p 
Buffer Layer : 6-9 p 
Dual AR coating 
Sample Size 5 8591  
solar Intensity (mw/an2) 
- 50 - 100 135.3 250 
0.690 0.694 0.692 0.681 
0.685 0.694 0.693 0.683 
0.687 0.691 0.692 0.686 
0.687 0.697 0.699 0.691 
0.667 0.682 0.685 0.678 
9 
Table 9.  Average Short4ircuit Current: After 1 x 10l6 e/an2 
ASEC GaAs/Ge solar cells 
AlGaAs W i n d m  Depth: 0.08 p 
Junction Depth: 0.50 p 
2 x 2 cm x 225 1.1 
Dual AR Coating 
Sample Size 5 TM-91 
Buffer Layer: 6-9 p 
Cell Tenp. 
m 
-20 
28 
60 
100 
140 
- 50 - 100 135.3 
23.1 46.0 62.6 
24.4 48.5 66.3 
25.2 50.3 69.1 
26.5 53.4 72.4 
27.9 56.1 76.4 
Table 10. Average Open-Circuit Voltage: After 1 x e/an2 
ASEZ GaAs/Ge solar cells 
AlGaAs W i n d c u J  Depth: 0.08 1.1 
Junctim Depth: 0.50 p 
2 x 2 an x 225 p 
Dual AR Coating 
Buffer Layer: 6-9 1.1 
Sample Size 5 w 9 1  
solar Intensity (mw/an2) 
-20 
28 
60 
100 
140 
250 
115.5 
121.2 
124.9 
131.6 
139.0 
-
Cell Temp. 
A 2 u  - 50 100 135.3 250 
986.0 1049.1 1070.0 1094.4 
852.3 904.4 923.3 945.9 
797.5 817.4 844.1 749.4 
631.7 673.2 689.7 716.5 
527.2 568.6 586.3 617.4 
10 
Cell Temp. 
A 3 . l  
-20 
28 
60 
100 
140 
Cell Temp. 
-Lxl 
-20 
28 
60 
100 
140 
Table 11. Average Maxirmrm Pawer: After 1 x 10l6 e / a 2  
ASEC GaAs/Ge solar Cells 
AlGaAs Windaw Depth: 0.08 p 
Junction Depth: 0.50 p 
Buffer Layer : 6-9 p 
2 x 2 a x  225 1.1 
Dual AR Coating 
Sample Size 5 'IM-91 
250 -- -135.3 --100 -50 -
15.94 34.61 48.47 89.34 
14.35 31.09 43.73 81.32 
12.84 27.79 39.31 72.67 
11.01 24.24 33.68 62.52 
9.14 20.46 29.03 55.94 
Table 12. Average Fill Factor: After 1 x 10l6 e / a 2  
ASEC GaAs/Ge solar cells 
A l G a A s  Wixxiav Depth: 0.08 1.1 
Junction Depth: 0.50 p 
2 x 2 un x 225 p 
Buffer Layer: 6-9 1.1 
hrdl AR Coating 
Sample Size 5 TM-91 
250 -- 135.3 -100 -50 -
0.702 0.719 0.724 0.709 
0.691 0.709 0.715 0.710 
0.680 0.693 0.696 0.690 
0.659 0.674 0.675 0.663 
0.621 0.641 0.648 0.652 
11 
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ABSTRACT 
More than fifty-five 0M;W AlGaAs/GaAs solar 
cells were exposed for over 400 hours to AM0 
photons at 28'C in three separate, well-controlled 
runs. Significant degradation of solar cell 
efficiency was observed in twb aut of the three 
runs. Though noticeable losses in the open- 
circuit voltage, fill factor, and maxim pcmer 
were observed, no change in the short-circuit 
current v a s  faund. 
control cells, mounted beside the test cells, 
were treated to the sam environment except that 
they were shielded f m m  the light beam. No charge 
was seen in any of the control cells. 
In one of the runs, no charge was seen in 
either the test cells or the control cells. Each 
cell in this run was protected with a coverglass, 
and was connected to the I-V electrical circuitry 
through soldered contacts. The cells in this run 
also had thicker buffer layers and thinner windaw 
layers than the cells in the other two runs. 
Specific photodegradation mechanisms for the 
GaAs solar cells are at this time unlomwn. The 
detailed results of these experiments are 
presented. 
A&Gal-rpS windowed GaAs p n  junction solar 
cells having AMD efficiencies as high as 21% have 
been fabricated (1) by using an organanetallic 
dremical vapor deposition ((MCVD) growth technique. 
This approach is now considered as a viable 
mufacturing process ard GaAs solar cells k.-ing 
AM0 efficiencies exceeding 17% are routinely 
produced. These cells have also shown superior 
radiation hardness canpared to that of silicon 
solar cells and have god potential for space 
applications (2-4). A considerable amaunt of 
information on electron and proton irradiation 
degradation of GaAs solar cells has been reported 
(4-7). However, there have been no published 
stulies on the behavior of GaAs solar cells after 
photon illumination for a prolorrged exposwe time. 
This paper presents preliminary results on photon 
exposwe of GaAs solar cells. 
ExPmIMENTm 
The p-n GaRs solar cells were fabricated at 
Applied Solar Energy Corporation using a UCVD 
(8 ,9 )  growth technique. !The cell structure, shown 
in Figure 1, consisted of an n-GaAs substrate doped 
with silicon, a M o p e d  n-GaAs tuffer layer, a Zn- 
doped pGaAs emitter layer and a thin (tO.1 p) p 
A10.85Ga0.15As window layer. Each cell has a 
double layer antireflection coating of Ti0,JAl2O3. 
Details of the cell structural parameters are sham 
in Figure 1. In a preliminary experiment prior to 
the measurenents reported here, 40 cells having 
starting efficiencies between 13% and 17% were 
exposed to a -ten light source in an open- 
circuit condition. During the photon expasum, the 
cell temperature was held at - 28OC. Llght 
current-voltage (I-V) characteristics were maswed 
before and after several hours of photon expsure 
indicated that 25 cells showed sane photon-i&ced 
degradation in cell efficiencies. Sane GaAs solar 
cells were exposed for over 200 hours to AM0 
photons using an X-25 solar simulator. A majority 
of the cells showed some degradation in cell 
performance in this light source also. 
In these preliminary experiments where photon 
degradation was observed for the first time, we 
questioned our light I-V measurement setup 
including the cell measurement test fixture, ard 
the canputer controlled pwer supply, each of which 
cauld possibly be the source of cell degradation. 
These were dealt with by designing ard bulldillg a 
special cell fixture which applied very low and 
repatable pressures to the cell contacts. The 
fixture incorporated a protection diode across the 
test cell to protect against the application of 
accidental large reverse bias voltage spikes. The 
computer program was modified to minimize the 
possibility of application of voltage spikes across 
the cell at any time during I-V meammmnts. 
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After taking into account all plausible 
sources of the measurement related cell 
degradation, careful light I-V measuFements were 
made on a few cells that were exposed to AM0 
photons Over 300 hours. These cells also showed 
sane photon degradation. 
--Tm controlled photon sq?osure runs were made 
to further sturty the GaAs solar cell degradation. 
In the first run, 32 G a k  solar cells were mounted 
on a water-cooled aluminum target plate. Of these, 
16 solar cells were exposed to AM0 photons and 16 
were shielded fmn the light by alumhan foil which 
was taped in place with Farlock aluminum Mystik 
tape. All cells were treated identically and were 
mounted on the plate using thenual cux3uctir-g 
grease (Apiezon H). The cells were manufactured by 
Applied Solar Energy Corp. (ASEC) uxkr the Air 
Force Hmtech Program. They wcre 2cm x 2cm and had 
approximately 4.0 p-thick buffer layers and 0.1 
were e%posed to the X-25 beam for 407 hours at 
28'C. The cells were removed f m n  the plate and 
their light I-V curves were measuped. All of the 
16 photon- solar cells showed degradation 
ranging f m n  severe to minor, while none of those 
in the dark degraded. The light I-V curve8 of all 
the exposed cells are sham in Figure 2. Prior to 
photon exposwe, all cells had I-V curves similar 
to the top curves in the Figure. It is apparent 
f m n  these curves that there is a wide variation in 
the amount of degradation experienced by the 
expmed cells. The light I-V curves of all cells 
held in the dark were highly reproducible. All 
degrded cells showed a loss in fill factor (FF), 
and maximum power (P-). In a few cases there 
were open-circuit voltage (Vo ) losses. 
Interestingly, none of the dqraded cebs stmwd a 
loss in short-circuit current (Isc). 
In a seccd run, an additional 32 GaAs cells 
of a different type were exposed in the manner 
described above: 16 solar cells were exposed to AM0 
photons and 16 were held in the dark. These cells, 
measuring 2cm x 4cm, were manufactured in a tightly 
controlled production run. They had approximately 
5 pm-thick n-GaAs buffer layers ard 0.00 pm-thick 
screened by reverse bias stressing using 40 mA 
reverse bias current. These cells were exposed for 
432 hours at 28'C, reimved f m n  the plate, and 
as discussed before. Seven out of 16 
photon- cells showed noticeable degradation 
(nine did not), while the light I-V curves of all 
16 shaded cells repeated their pm-qmswe curves 
exactly. The light I-V cupves of all the exposed 
cells for this run are shrxlrn in Figure 3. 
mmck A.'O.88% window layers. The cells 
Alo.86%. 4As window layers. These Cells were 
A third additional controlled photon exposwe 
run was made using 15 current pmduction GaAs cells 
from ASEC. These 15 cells, each of 2cm x 4cm area, 
had 6 pn-thick n-GaAs buffer layers and 0.05 p 
A10~85Ga0.15As window layers. They were also 
screened by the reverse bias stress described 
above. IEolrRver, each of these cells was fitted 
with a coverglass (for practical purposes, it is 
extremely unlikely that any solar cells will be 
f l m  without coverglasses) and was nunanted on the 
aluminun exposwe plate using Apiezrm H grease and 
permanent hardwired connections. The hardwired 
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connections allowed the measurement of light I-V 
curves without removing the cells fmn the plate or 
placement into and r e m o ~ l  fmn a fixture. In this 
run, 12 of the 15 cells were exposed to the light 
beam and 3 were kept in the dark using a quickly 
removable shadow plate. Light I-V curves were 
measured several times during the 552 hour 
expcsure. The light I-V curves for all the exposed 
cells are shmn in Figure 4. As can be seen from 
the figure,  ne of the expmed cells in this run 
ahowed any degradatian. As in the previous runs, 
the shielded cells did not degrade in this run 
either. Table 1 gives a scnmary of the properties 
of all cells used in the three amtrolled runs. 
RErmLTs 
In the first controlled run, the mDst severely 
degrakd cell showed decl.eases in P- from 92.0 nW 
to 84.0 nW after exposwe, Voc from 993 to 986 mV, 
FF fmn 0.81 to 0.74, and no decrease in Isc. The 
exposed cell which degraded the least shawed 
decreases in these parameters as follaus: P- f m n  
92.5 to 92.0 nW, Voc from 990 to 983 mV, and FF 
fmn 0.80 to 0.79. 
In the second run, the most photon degmcid 
cell showed losees in P- fmn 194.3 to 143.7 nW, 
Voc fran 1015 to 984 mV, and FF fran 0.80 to 0.61. 
The exposed cell which showed the lowest 
degradation had in P- from 204 to 196.5 
RW, Voc from 1005 to 1002 mV, and FF fmn 0.81 to 
0.79. As stated before no loss in Is, was Observed 
for any cell, exposed or unexposed, in these 
experiments. 
DISCUSSION 
Plausible causes of the photon degradatian in 
tm runs and no degradation in the third run need 
careful consideration. Since there is no 
degradation in Is,, the photons that are degradirg 
and FF are, most probably, not producing 
;%l;raxi e ectrically active defects; that is, the 
minority carrier lifetime is not degrded. The 
loss in Voc and FF could either be related to p or 
n- metal contact reactions with GaAs or with an 
inherent internal device degradation process of an 
llnknum nature. It is hard to believe that photons 
alone at about 28'C can degrade the metal contacts, 
either by photochemical reaction between metal and 
GaAs or electrochemical as well as thermal 
migration of metals into the active regions of the 
cells. However, we do not rule out the possibility 
of inducing sane dislocations in the vicinity of 
the metal-GaAs interface either during 
metallization or by contact probes during 
horn (10) that dislocations can be introduced in 
GaAs by =lying excessive pressure. Dislocation 
loops ( 10) are generated after scratching the GaAs 
surface. If the contact probes were responsible 
for thc cell degradation, then sane degradation 
would have been obeenred on the shaded cells. 
measurements of the light I-V  curve^. It is well 
Since all photon exposed cells did not degrade 
in two of the runs, it could be speculated that the 
cells Mch showed degradation might be containing 
OMCVD grcvrth or metallization-related defects Vmich 
get activated during the photon -. The 
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factors that are important in the dynamics of 
dislocatiorrs (10-12) are: (a) interaction of point 
defects with dislocatiars, particularly at the 
AlGaAs/GaAs interface, (b) stress/straln at the 
metal-GaAs interface, and (c) different 
optoelectronic properties of interfaces and 
defects. 
Recently photon-induced degradation of 
~IK@XXS silicon solar cells has been explained 
(13) by using a defect reaction process that is 
Muted by t h  energy release during electrm-hole 
(e-h) recanbination. One auld postulate that the 
e-h recanbination assists diffusion of defects fran 
the m e t a l a  (top p G a &  layer) interface into 
the active area of the cell and consequently 
degmdes the GaAs solar cell. 
The fact that I, does not charge after photon 
exposure is a very important experimental 
observation. Recently, the effect of dislocations 
in metal-insulator silicon solar cells was 
explained by a model tased on hopping conduction of 
capture carriers alollg dislocations (14). In these 
cells, dislocations of different lengths were 
intentionally introduced by polishing silicon 
wafers with A.1203 povder of different grits. The 
light I-V curves of these cells showed losses in 
P-, Voc, and E'F, but not in I, when dislocatlon 
lengths were increased. If conduction and shunting 
are the important roles of dislocations, then, as 
shown by the model calculations (14), I, is 
unaffected while Voc is strollgly decreased. This 
constitutes a piece of canpelling evidence in favor 
of conduction along the dislocations in GaAs. 
Unfortunately, at present, the axlcfuctivity data on 
dislocations in GaAs is not available. 
In our third photon exposum run, we did not 
observe phot-tion even in a single cell. 
These cells are fran a current production process. 
Differences in the properties of these cells 
CaDpared to those cells used in the other two runs 
are Shawn in Table 1. As can be seen, each cell in 
the third run has a thick n-CaAs buffer layer, a 
very thin AlGaAs window layer, protection by a 
coverglass, and is hardwired to avoid direct 
probing of the cell contacts during light I-V 
measuranents. At present, whether growth process, 
layer thi-, coverglass, or hardwiring has 
played any role in eliminating the photon 
degradation effect is unkncwn. Possible prevention 
of degradation by the hardwiring is less likely, 
since shaded cells subjected to repeated testing 
did not shar any degradation. Assuming that the 
coverglass plays a predominant role, the loss 
mechanism is likely to be related to interaction by 
energetic W photons. For surface dominated 
devices like GaAs cells, this could perhap affect 
either the passivated region at the heteroface, or 
the shallow emitter properties. It is clear that 
additicmal experiments need to be performed to fin3 
aut vhat property or properties of cells used in 
the first t w  runs contributed to the observed 
photon degradation. 
CONCLUSIONS 
[ 13. Thzlee well controlled photon expsure runs 
were ppade on DMCM GaAs solar cells. n+m rurs 
showed sane degree of photon degradation. 
[2]. Not all cells in the two runs degradtzd 
Sane photon exposed cells did not degrade 
[31. Losses 1: ? , Voc, and ET were observed 
-r, no loss in I, 
[4]. Che run showed =-dation. 
151. A plausible cause of the photon- 
degradation is presently not lawwn. However, 
discussed. 
[6]. Additional photon expsure experiments 
need to be perfonned to identify the cause and 
indicate a cure for photon degradation in GaAs 
solar cells. Future tests must explain the cure 
demonstrated in the third run, and must relate this 
cure to plausible causes for the degradation. 
equally. 
at all. 
in photon degraded ceTs. 
vas  observed. 
several speculative degradation mecham 'SrS were 
-
The research described in this paper was 
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California Institute of Technology, and was 
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Table 1. Properties of GaAs Cells Used in Photon Brposure Tests 
I 
C 
PROpERn 
m No. 
AlGaAs Substrate 
n4aAs Buffer 
pGaks Fmitter 
pAlGaAs Window 
Front Contacts 
Back Contacts 
AR Coating 
Reverse Bias 
screening 
COVerglaSS 
Hardwired 
SOl&red 
Light source 
x value 
Average Temp. 
sample Size 
melded 
wing - -
Photon - 
Time 
rwwPcIi 
1 
si doped, 2x1018, 12 mil 
~e aopea, 2x1017, 4 p 
Zn doped, 1x1018, 0.1 pm 
Zn doped, I X ~ O ' ~ ,  -0.5 p n  
0.88 (+ in sane cases) 
AuZnAuAg, 24 P 
AuOeNiAg, 24 p n  
Dual 
No 
No 
No 
No 
X-25, 135.3 nW/an2 
- (28°C 
16 
16 
407 hours 
LIMITED cvspoM RUN 
2 
si doped, 2x1018, 12 mil 
~e dopea, 2x1017, 5 P 
Zn doped, 1x10l8, 0.7 )mr 
Zn doped, 1 ~ 1 0 ~ ~ ,  0.08 pm 
0.85 - 0.81 
AuznAuAg, 24 )mr 
AuGeNiPg, 24 P 
Dual 
YeS 
No 
No 
-1deX-d 
X-25, 135.3 nW/Cm2 
- <28*C 
16 
16 
432 hours 
f2uRRmr FmmuCrIoN 
3 
si doped, 2x1018, 12 mil 
Se doped, 2X101', 6 p 
Zn doped, 1x1018, 4 . 5  p n  
Zn doped, 1x1Ol8 ,  0.05 p 
0.85 - 0.81 
AuznAuAg, 24 P 
A W - 8  24 P 
Dual 
Yes 
Yes 
YeS 
zcne-soldered 
X-25, 135.3 nW/Cm2 
- <28*C 
12 
3 
552 hours 
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Figure 1. Schematic of Gallium Arsenide Cell Structure 
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Figure 2. L i a t  I-V cuI1RB of Wtech GaAs Cell8 
After 407 hour Photon Exposwe 
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Figure 3. Light I-V cufves of Custom Run GaAs 
Cells After 432 hour Photon Exposwe 
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Figure  4 .  Light I-V Curves of Current hoduction 
GaAs Cells After 552 hours Photon Exposure 
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